Abstract: We present a sample of 54 disk galaxies which have well developed extraplanar structures. We selected them using visual inspections from the color images of the Sloan Digital Sky Survey. Since the sizes of the extraplanar structures are comparable to the disks, they are considered as prominent stellar halos rather than large bulges. A single Sérsic profile fitted to the surface brightness along the minor-axis of the disk shows a luminosity excess in the central regions for the majority of sample galaxies. This central excess is considered to be caused by the central bulge component. The mean Sérsic index of the single component model is 1.1 ± 0.9. A double Sérsic profile model that employs n = 1 for the inner region, and varying n for the outer region, provides a better fit than the single Sérsic profile model. For a small fraction of galaxies, a Sérsic profile fitted with n = 4 for the inner region gives similar results. There is a weak tendency of increasing n with increasing luminosity and central velocity dispersion, but there is no dependence on the local background density.
INTRODUCTION
Stellar halos are thought to be ubiquitous in disk galaxies (Sackett et al. 1994; Morrison et al. 1997; Lequeux et al. 1998; Abe et al. 1999; Zibetti & Ferguson 2004; Chapman et al. 2006; Kalirai et al. 2006; Seth et al. 2007; de Jong et al. 2007; Mouhcine et al. 2007; Helmi 2008; Jablonka et al. 2010; Ibata et al. 2014 ). In the framework of the Λ cold dark matter (ΛCDM) cosmology (Springel et al. 2006) , the existence of stellar halos around disk galaxies is very natural because they are byproducts of hierarchical galaxy formation. They are thought to be formed by the accretion and disruption of dwarf satellites (Bullock & Johnston 2005; Abadi et al. 2006; de Lucia & Helmi 2008; Font et al. 2008; Johnston et al. 2008; Gilbert et al. 2009; Cooper et al. 2010; Zolotov et al. 2010) . There is mounting evidence that the accretion and disruption of infalling satellites play a major role in building the stellar halos around disk galaxies (Searl & Zinn 1978; Johnston et al. 1996; Helmi & White 1999; Ferguson et al. 2002; Bullock & Johnston 2005; Ibata et al. 2007; Johnston et al. 2008; Romanowsky et al. 2016) . On the other hand, gas rich mergers in the early phase of the galaxy assembly (Brook et al. 2004) , and in − situ star formation were also proposed as explanations of the origin of stellar halos. The ejection of in − situ stars formed at high redshift (z ∼ > 3) by subsequent major (Zolotov et al. 2009 ) and minor mergers (Purcell et al. 2010 ) also could contribute to stellar halos.
The surface brightness of the stellar halos of spiral galaxies is typically 10 magnitudes below the night sky background (Bakos & Trujillo 2012) , making them
Corresponding author: H. B. Ann difficult to observe. In the case of the Milky way, its halo luminosity is ∼ 1 per cent of the total luminosity, and other spirals usually have halo luminosities similar to the Milky Way (Courteau et al. 2011 ). Since the surface brightness level needed to analyze the structure of stellar halos is so faint (∼ 30 mag arcsec −2 ), it requires highly precise observations and data reductions are required to prevent observational artifacts. The first detection of the stellar halo around disk galaxies was reported for NGC5907 by Sackett et al. (1994) , and confirmed by Lequeux et al. (1996) and Lequeux et al. (1998) . applied an image stacking technique to disk galaxies to derive the structural parameters of their stellar halos. They showed that stellar halos are moderately flattened spheroids with spatial luminosity distributions that are well described by a power law (∼ r −3 ).
On the other hand, there are some disk galaxies with prominent stellar halos which are bright enough to be visually identified. A well known example is NGC 4594 (M104), a spiral galaxy, known as the Sombrero galaxy, with a Hubbe type of Sa (de Vaucouleurs et al. 1991) however, it is sometimes considered as a peculiar elliptical galaxy (McQuinn et al. 2016 ) because of its bright stellar halo. The nucleus of NGC 4594 is fairly bright, and there is a supermassive black hole in the center (Kormendy 1988 (Kormendy , 1996 Ho et al. 1997) . More often, the prominent stellar halo of NGC 4594 is considered as a massive bulge which contains ∼ 90% of the total luminosity (Kent 1988) . However, the V −band minor axis profile of NGC 4594 (Jarvis & Freeman 1985) shows a break at ∼ 55 arcsec which suggests two components, a stellar halo and central bulge. Detailed surface photometry of NGC 4594 (Burkhead 1986 ) also showed that the outer spheroidal component is a prominent stellar halo that can be well approximated by an ellipsoid with an axis ratio of b/a = 0.64. A clear distinction between the central bulge and the stellar halo can be seen in the Spitzer 3.6-µ image (Gadotti & Sánchez-Janssem 2012) , in which the stellar halo is rounder than the central bulge, and dominates over the disk and bulge at large radius (r ∼ > 215 arcsec).
Since most stellar halos are too faint to be observed by conventional methods, the number of galaxies with detailed observations of their stellar halos is quite limited. Therefore, there are no statistical samples of the structure and physical properties of stellar halos. On the other hand, stellar halos have been well predicted by numerical simulations (Katz & Gunn 1991; Steinmetz & Muller 1995; Brook et al. 2004) in the CDM scenario (White & Frenk 1991; Kauffmann et al. 1993) . In a sense, these simulations failed to reproduce Milky Way type stellar halos whose mass fraction is less than ∼ 1 per cent of the total luminous matter. Most stellar halos that they modeled were too massive compared to observed stellar halos. However, Brook et al. (2004) was able to make different kinds of stellar halos depending on the supernova (SN) feedback mechanisms used. One model is similar to the faint stellar halos, often observed, and another is similar to the massive stellar halos that were reported in the previous studies (Katz & Gunn 1991; Steinmetz & Muller 1995) . Although prominent stellar halos can easily be observed by conventional methods, there is no extensive study of the prominent stellar halos due to their rarity in the local universe. Observations of prominent stellar halos, however, seem to be a promising path to understanding the structural properties of stellar halos. This study will uncover a wealth of information about the formation and evolution of galaxies.
The purpose of this study is to construct a sample of prominent stellar halos and establish basic statistics.
In particular, we aim to derive the Sérsic index of the luminosity profile of the prominent stellar halos to characterize the shape of the luminosity distribution. The Sérsic index n is known to be correlated with the luminosity, effective radius, and the central velocity dispersion of galaxies (Graham et al. 2001; Mollenhoff & Heidt 2001; Graham 2002 ) when applied to ellipticals and the bulges of disk galaxies, Since prominent stellar halos are rare phenomena, we are also interested in their environment. This paper is organized as follows. The data and sample selection are described in Section 2, and the results of the present study are given in Section 3. Discussion and conclusions are provided in Section 4.
DATA AND SAMPLE SELECTION 2.1. Selection of Prominent Stellar Halos
We selected prominent stellar halos using the color images provided by the Sloan Digital Sky Survey (SDSS) Data Release 7 (Abazajian et al. 2009 ). We used the Korea Institute of Advanced Study Value-Added Galaxy Catalog (KIAS-VAGC; Choi et al. 2010 ) to select the parent sample of target galaxies that have redshifts less than z = 0.032, and r-magnitudes brighter than 17.77. The number of parent sample galaxies is 44,244. We first selected 7,810 edge-on galaxies through visual inspections of the SDSS color images in the parent sample. Because of the large axis ratios (b/a) of the prominent stellar halos, they are likely to be omitted in the sample of edge-on galaxies selected by axis ratio criteria. Thus, it is necessary to conduct a visual inspection of the color images to see whether or not galaxies are edge-on. The selection criterion we have applied is the axis ratio of the disks and not the entire galaxy. Sometimes, a well distinguished dustlane is considered as evidence of edge-on disks.
Since we have selected the prominent stellar halos by visual inspections of the color images without quantitative selection criteria, the selected sample is subject to some personal bias, but we do not think we omit a significant fraction of prominent stellar halos. The final sample contains 54 galaxies, and corresponds to 0.1% of the parent sample of 44,244 galaxies, and 0.7% of the 7810 edge-on galaxies. This means that prominent stellar halos are very rare. The basic properties of the 54 galaxies are presented in Table 1 , most of which are obtained from the KIAS-VAGC. Figure 1 shows the color-magnitude diagram of galaxies in the final sample. M r is derived from the r−band model magnitude corrected for Galactic extinction using the r−band extinction values from SDSS DR7. A K-correction and an evolution correction are not applied. Distances to the galaxies were derived from the redshifts, corrected for the motion relative to the centroid of the local Group (Mould et al. 2000) . For galaxies with z < 0.01, the metric distances provided by NED are used. The galaxies lying inside a 10
• -cone around M87 with redshift less than z = 0.007 are assumed to be the members of the Virgo Cluster, and the distance of the Virgo cluster is used for those galaxies. We assumed the Virgo distance as D = 16.7 Mpc and H=75 km s −1 Mpc −1 . It is evident that the galaxies with prominent stellar halos have photometric properties similar to the galaxies in the red sequence defined by early type galaxies, particularly by elliptical galaxies.
RESULTS

Morphological Properties of Prominent Stellar
Halos Figure 2 shows the color images of the 54 sample galaxies from the SDSS DR7. At first glance, the prominent stellar halos are mostly flattened ellipsoids. They have somewhat red colors, typical of old stellar popula-tions, and sizes comparable to their disks. Some halos have sizes about half that of their disk, while some halos are nearly spherical. For the majority of sample galaxies dust lanes can be observed, some of which are offset from the central bulge, and middle plane of the disk. One of the remarkable morphological properties of galaxies with prominent stellar halos is that they are early type disk galaxies, mostly S0 and S0/a galaxies, without well developed bulges. Most of the luminosity around the disk come from the stellar halo, and not from the bulge. The bulge luminosity is confined to the central regions. Of course, as shown in previous studies (Hes & Peletier 1993) , the prominent structures around the disk plane can be considered as an extended bulge. However, as will be shown below, the extraplanar prominent structures are considered here as stellar halos.
As can be seen in Figure 2 , most galaxies with prominent stellar halos have red disks except for the two extremely blue disks (NGC 3413 and NGC 5672) and show well distinguished dustlanes. There are several galaxies whose disk morphology differs from that of others. They have disks with somewhat blue colors in the outer parts, indicating spiral arms (2MASX J00224457+1456586, UGC04332, CGCG 091-099, NGC 4343, CGCG 191-031, UGC 10205). Warped disks are observed in a small fraction of sample galaxies. Figure 3 shows the histogram of the axial ratios (b/a) of the sample galaxies along with the axial ratios of a sample of elliptical galaxies in the local universe (z ∼ < 0.01) from the catalog of Ann et al. (2015) . The axis ratios of the sample galaxies were taken from the KIAS-VAGC (Choi et al. 2010) where the major-and minor-axis length were derived from the i-band isophotal maps. the two types of galaxies in the local universe show a similar distribution of axis ratios. Since the lengths of the major axis of the stellar halos and the disks are similar, the axial ratios of the sample galaxies are determined by the shape of the halos. Thus, the similarity between the two axis ratio distributions suggests that the prominent stellar halos are flattened ellipsoids, similar to the elliptical galaxies.
Luminosity Profiles of the Prominent Stellar Halos
Surface photometry of the r-band images for the sample galaxies is used to derive the luminosity profiles of the prominent stellar halos. We used the mode of pixel values around the target galaxy as the sky background, I sky , to derive the galaxy intensity distribution given by I g = I obs (x, y)−I sky . We used the SPIRAL (Ichikawa et al. 1987; Okamura 1988) to extract the surface brightness profiles along the minor-axis, where the luminosity of the stellar halo is less affected by the disk luminosity. The effect of dustlanes is also negligible in the minoraxis profiles, especially in the halo regions.
The bulge and halo are the main contributors to the luminosity profile along the minor-axis. In most normal disk galaxies the contribution of halo component is negligibly small compared to that of the bulge. But, in the case of disk galaxies with prominent stellar ha- Figure 3 . Frequency distribution of axis ratios of the disk galaxies which have prominent stellar halos, compared to elliptical galaxies in the local universe (z ∼ < 0.01). Solid lines represent the galaxies with prominent stellar halos and dotted lines indicate the local elliptical galaxies.
los, the luminosity of the stellar halo is larger than that of the bulge. In particular, the luminosity distribution at radii larger than a few times the effective radius of the bulge is dominated by the stellar halo. The surface brightness profiles along the minor-axis of the sample galaxies are examined to see whether the sample galaxies have two components. Breaks in the surface brightness profiles are considered as the signature of multiple components. The majority of the sample galaxies are found to have a break at r ∼ < 10 arcsec from the center, indicating the existence of a central bulge.
Several functional forms are commonly used to represent the luminosity profiles of galaxies. In the early era of galaxy studies, the Hubble profile, I(r) = I 0 /(1 + (r/r c )
2 ), was employed to represent the luminosity distribution of elliptical galaxies. Later, de Vaucouleurs (1958) introduced the r 1/4 -law to represent the luminosity distributions of the bulge of spiral galaxies as well as the elliptical galaxies. Freeman (1970) introduced exponential function to describe the luminosity distribution of the disks of spiral galaxies. These functions have been used very successfully to describe the luminosity distributions of ellipticals and spirals. Sérsic (1968) introduced a generalized function to represent luminosity distribution of galaxies including both ellipticals and spirals. The Sérsic function is defined by three parameters, I ef f , r ef f , and n as follows
where r ef f and I ef f are the effective radius and effective intensity (which is the intensity at r = r ef f ), respectively. The parameter n is the Sérsic index. The constant b n is approximated by b n = 1.9992n − 0.3271 (Caon et al. 1993; Prugniel & Simen 1997) . The de Vaucouleurs law and exponential law are the cases for n = 4 and n = 1, respectively. As there is no commonly used functional form for the luminosity profile of prominent stellar halos, both the Hubble profile and the Sérsic profile are examined to determine which is more representative of the luminosity distribution. The Hubble profile is known to represent the luminosity distribution of the stellar halos of edge-on galaxies obtained by image stacking techniques ), However, it was found that the Hubble profile does not fit well to the observed luminosity distributions of the majority of the sample galaxies in our sample. On the contrary, the Sérsic profile better represents the luminosity distribution of the prominent stellar halos. Figure 4 shows the results of fitting a single Sérsic profile along the minor-axis. A χ 2 minimization technique is applied to derive the three free parameters, n, r ef f and I ef f , with fitting ranges selected from the visual inspection of the minor-axis profiles. The bulge dominated regions are avoided during fitting a single Sérsic profile to the observed profiles. The resulting profiles are insensitive to the fitting ranges except in the far outer regions where the surface brightness is affected by the background sky or by other components such as rings. For some galaxies, there are wiggles or bumps at large radii which are due to the contamination from nearby objects or in the case of large bumps due to outer rings or shell structures.
At first glance, the observed luminosity distributions of prominent stellar halos are well represented by the Sérsic profiles. As shown in Figure 5 , the fitted Sérsic index n varies from 0.5 to 3.5 with a peak near n = 1.2. About 90% of the sample galaxies have n less than 3. For the majority of galaxies. there is a luminosity excess over the halo profile at small radii. This central luminosity excess is mostly due to the bulge which is not taken into account in the profile fittings. There are 46 galaxies in the sample(85%) that show a clear luminosity excess. Since the luminosity excess is due to the luminosity of the bulge, the luminous structures around the disk plane must be stellar halos. Thus, this study presents a statistically significant sample of the structures of stellar halos for the first time. The stellar halos are prominent enough to be visually identified from conventional images, such as SDSS. The three parameters of the single component Sérsic profile are listed in Table 2 .
Since the majority of sample galaxies show a central luminosity excess, which is assumed to be due to bulge component, the luminosity distributions along the minor-axis of sample galaxies are also fitted by two Sérsic functions, one for the bulge and the other for the halo. The iterative fitting technique (Kormendy 1977 ) is applied to decompose the bulge and halo simultaneously. The iterative profile decomposition technique assumes fitting ranges for each component where one component dominates the other. A small change in the bulge fitting range affects the decomposition significantly. Thus, the bulge fitting range is selected interactively by minimizing the residuals of the fit. At first, n = 4, (i.e., de Vaucouleurs law), was assumed for the bulge, and n was varied for the halo. Using these parameters the fittings were unsuccessful for the majority of the sample galaxies. Various alternative values of n were explored for the bulge, and the Sérsic index of n ≈ 1 is found to well represent most galaxies. Since n = 1 gives successful fits for most of the sample galaxies, n = 1 is used as the default Sérsic index for the bulge component. However, n=4 was adopted if n = 4 gives a similar result. In general, the Sérsic index of the stellar halo in the two component model becomes smaller than that of the single component model. The Sérsic index of the two component models n b (bulge) and n h (halo) are listed in Table 2 .
It is interesting to note that about 15% of the sample galaxies have shell structures outside of the visible stellar halo. The presence of the shell structure is indicated by the large bump in the minor-axis profiles. The galaxies with well developed outer shell structure are NGC 0442, CGCG 387-052NED0, NGC 3999, NGC 4082, CGCG 098-103, CGCG 244-046, NGC 5463, 2MASX J14443669+1631314, CGCG 076-136. Figure 5 shows the frequency distribution of the Sérsic index for the 54 stellar halos derived by fitting a single Sérsic function to the surface brightness profiles along the minor-axis of the sample galaxies. Since the detailed shape of the frequency distribution depends on the bin size, due to the small sample size, the frequency distributions using different bin sizes were examined. It was found that the bin size of ∆n = 0.3 is optimum choice for the present sample. It keeps the general shape of the frequency distribution, while suppressing the statistical noise.
Distribution of the Sérsic Index
It appears that there are at least two peaks, one peak at n ≈ 1.2, and the other at n ≈ 3.4. The number of galaxies around the first peak at n ≈ 1.2 is 37 and it comprises ∼ 70% of the total sample. The number of galaxies near the second peak at n ≈ 3.4 is 4, which is less than 10% of the total sample. The remaining galaxies, comprising the remaining quarter of the total sample, are located near a third peak at n ≈ 2. Since it is not clear whether the third peak at n ≈ 2 is a real feature, the sample galaxies are divided into two groups. One group is comprised of the galaxies around the first peak at n ≈ 1.2, including the galaxies near the third peak at n ≈ 2, and the other group consists of galaxies around the second peak at n ≈ 3.4.
The number of galaxies in the larger group is 50 which comprises 93% of the total sample. The mean Sérsic index of this group is 1.42 ± 0.55. If we exclude the galaxies near the third peak at n ≈ 2, it becomes 1.19 ± 0.35, thus very close to the exponential profile. The distribution of the Sérsic index of this group is similar to that of the dwarf elliptical/spheroidal galaxies (Binggeli & Jerjen 1998; Ryden et al. 1999 ; Grant et al. 2005; Kim et al. 2006; Janz et al. 2014; Seo & Ann 2018) . Figure 6 shows the frequency distribution of the Sérsic index of prominent stellar halos with (solid lines) and without (dotted lines) the central luminosity excess, respectively. The prominent stellar halos of the sample galaxies with a central luminosity excess have small n, while those without a central luminosity excess show double peaks, with one peak at n ≈ 1.3 and the other peak at n ≈ 2.8. There are only two galaxies (4.3%) that have n larger than 2.4 among galaxies with a central luminosity excess, while 63% of galaxies without central luminosity excess have n larger than 2.2. Thus, the extraplanar prominent structure without central luminosity excess can be thought of as the extended bulges. 
Dependence on the Physical Properties of Galaxies
The dependence of the Sérsic index n, derived from the single-component fitting, on the two observable physical parameters, the r-band absolute magnitude (M r ), and the velocity dispersion (σ), are investigated. Both parameters are closely related to the mass of a galaxy, which is a key parameter that controls the formation and evolution of a galaxy (Peng et al. 2012) . Figure 7 shows the distribution of n as a function of M r (lower panel) and σ (upper panel). As shown in the lower panel of Figure 7 , there is no clear correlation between the Sérsic index and the luminosity. There may be, however, a tendency of smaller n for less luminous galaxies (M r > −20). More specifically, there are no prominent stellar halos that have n larger than ∼ 2 for galaxies with M r > −20, but prominent stellar halos with n larger than ∼ 2 are observed in bright galaxies The upper panel of Figure 7 shows the distribution of n as a function of σ. There is no strong correlation between the two parameters, but there is a tendency of increasing n with increasing σ. It is also apparent that there are no prominent stellar halos that have a large Sérsic index (n > 2.2) for galaxies with velocity dispersions less than σ = 150 km s −1 . Thus, the dependence of the Sérsic index on the velocity dispersion is very similar to the dependence of the Sérsic index on the luminosity.
The structure of a galaxy formed through major mergers is different from that formed through a monolithic collapse of galactic proto-clouds. Giant ellipsoidal structures (Sérsic index of n ≈ 4) are likely to be made by violent mergers, while disks (Sérsic index of n ≈ 1) are made by dissipational collapse of proto-clouds that have non-negligible angular momentum. The absence of large Sérsic index (n > 2.2) for galaxies with M r > −20 or σ < 140 km −1 , i.e, relatively low mass galaxies, suggests that major mergers do not play a significant role for less luminous galaxies with prominent stellar halos. It is worth noting that our dividing value of n = 2.2 is the same as the critical value suggested by Fisher & Drory (2008) who used this value to divide pseudobulges from classical bulges. If galaxies with small Sérsic indices did not form through major mergers, then the majority of prominent stellar halos must be caused by other mechanisms. This is because ∼ 70% of prominent stellar halos have a Sérsic index less than the critical value, regardless of luminosity or mass. 
Local Background Density
The local background density (Σ) is used to examine the environmental dependence of the Sérsic index. The local background density can be derived using a variety of approaches (Muldrew et al. 2012 ), but the nth nearest neighbor method with n = 5 is used here. The definition of neighbor galaxy by Ann (2017) is used where a neighboring galaxy is defined to have a velocity difference less than the linking velocity ∆V = 500 km s −1 , and a luminosity brighter than the limiting magnitude of the volume-limited sample. The background density using the projected distance to the 5th nearest galaxy is defined as ,
, where r p,5 is the projected distance to the 5th nearest neighbor galaxy. The local background density is normalized by the mean background density (Σ 5 ). Figure 8 shows the histogram of the local background density of the prominent stellar halos along with that of SDSS galaxies with redshift less than z = 0.04. There is not much difference between the two distributions. But, the present sample shows somewhat larger fractions at high density regions and smaller fractions at low density regions than the full sample. If we divide the full sample into the blue galaxies and red galaxies, the local background density of the present sample is more similar to that of red galaxies. The low density tail of the present sample is due to the spiral galaxies.
Since there is a tight relationship between the luminosity of a galaxy and the local background density ( Goto et al. 2003; Park et al. 2007 ), we used galaxies brighter than M r = −20 to examine the environmental dependence of the Sérsic index. Fig. 9 shows the frequency distribution of the local background density for prominent stellar halos for galaxies brighter than M r = −20. The distribution of prominent stellar halos with n < 2.2 is similar to that of the background galaxy distribution, while the distribution of the prominent stellar halos with n > 2.2 shows a much narrower distribution, with maximum frequency at Σ 5 /Σ 5 = 0.75. However, due to the small sample size for the galaxies with large n, this result could be due to statistical noise. We carried out a K-S test and found that there is no significant difference between the two groups. The K-S test gives p = 0.21.
DISCUSSION AND CONCLUSIONS
We have analyzed the luminosity profiles along the minor-axis of disk galaxies with luminous halos. Many previous studies considered the prominent stellar halo to be an extended bulge, which is well fitted by the r 1/4 -law (Wainscoat et al. 1990; Emsellem et al. 1996) . However, in this study it is treated as a stellar halo which is luminous enough to be observed. The reason for this is that most of the sample galaxies have bright central regions that are assumed to be the central bulge component. They are represented by a central excess of light in the surface brightness profile along the minoraxis when the observed profile is fitted by a single Sérsic profile. The average Sérsic index n of the single component fits is n = 1.1 ± 0.9, and the majority of sample galaxies have n less than ∼ 2.2. The small n also supports the assumption that the extended regions are prominent stellar halos rather than extended bulges. In the literature, there are some studies that consider the luminous spheroidal component as a prominent stellar halo (Harris et al. 1984; Burkhead 1986; Wagner et al. 1989 ) although some authors have not explicitly used the terminology spheroid (Burkhead 1986 ). The Sérsic index n of prominent stellar halos is quite different from that of classical bulges. Approximately 80% of prominent stellar halos in the sample have n smaller than the critical value of n = 2.2, which divides the bulges of disk galaxies into classical bulges and pseudobulges (Fisher & Drory 2008) . Classical bulges have n greater than 2.2, and pseudobulges have n smaller than 2.2. Given that the Sérsic index n is a shape parameter which is closely related to the galaxy formation mechanism, the majority of the stellar halos are formed by mechanisms different from that for the classical bulge formation. Prominent stellar halos do not seem to have formed from major mergers followed by violent relaxation because resulting substructures would have large n. If the luminous spheroidal components are bulges, they are likely to be pseudobulges because of their small n, since pseudobulges are thought to be made through the secular evolution of disk galaxies, driven by non-axisymmetric potential such as a bar (Kormendy & Kennicutt 2004; Okamoto 2013 ). However, luminous structures around the disks are not considered to be pseudobulges because of their extent which is comparable to the disks. Since pseudobulges are made of disk material, the luminosity Figure 9 . Frequency distribution of the local background density of the prominent stellar halos with n < 2.2 (solid lines) compared with the cases for n > 2.2. We used galaxies brighter than Mr = −20.
of pseudobulges is not expected to dominate over the disk luminosity.
We have examined the dependence of the Sérsic index of prominent stellar halos on the physical properties of galaxies and their environment. The physical properties considered here are the galaxy luminosity (M r ) and the central velocity dispersion (σ). As shown in Figure 7 , galaxies with low luminosities (M r ∼ > −20) or low velocity dispersions (σ ∼ < 150 km s −1 ) have Sérsic indices smaller than n ≈ 2.2, while galaxies with high luminosities and high velocity dispersions have a wide range of Sérsic indices including n > 2.2. If a large Sérsic index is considered to be related to the substructures formed through merger induced violent relaxation, then the prominent stellar halos of massive galaxies must have origins different to those of less massive galaxies. One plausible scenario for the origin of the prominent stellar halos that have n smaller than 2.2 is the intensive in − situ star formation. The fact that there is no environmental dependency on the prominent stellar halos supports the above scenario, since supernova explosions are an internal process which does not depend on the environment.
In the ΛCDM cosmology, the stellar halos of disk galaxies are formed by the debris of accreted satellites (Bullock & Johnston 2005; Read et al. 2006; Sales et al. 2007; Font et al. 2008; de Lucia & Helmi 2008; Johnston et al. 2008; Font et al. 2011) as well as in − situ halo stars (Cooper et al. 2015) . Halo stars formed in − situ include heated disk stars which are ejected into the halo. These heated disk stars make a negligible contribution to the total halo mass (Cooper et al. 2015) , but they contribute significant fractions in the inner halo, simi-lar to the fraction of stars from satellite debris (Purcell et al. 2010; Font et al. 2011; McCarthy et al. 2011) . The disrupted debris of accreted satellites and in − situ halo stars are a good explanation for the faint stellar halos such as that of the Milky Way or M31. However, they can not account for the prominent stellar halos presented in this study, because the luminosity of the prominent stellar halos is brighter than the disk luminosity. Since the present sample of prominent stellar halos is observed in early-type disk galaxies, mostly S0 and S0/a, the cause of prominent stellar halos are thought to be related to the same feedback mechanism that produces lenticular galaxies. The thermal feedback model by Brook et al. (2004) seems to provide a promising mechanism for producing prominent stellar halos, as well as gas poor disks such as those of S0 galaxies. A significant fraction of the stars in prominent stellar halos can be considered to be due to the in − situ star formation from the gas ejected from the disk by violent supernova explosions. It is worth noting that the thermal feedback model in Brook et al. (2004) produces stellar halos similar to those shown in the present study, while their adiabatic feedback model shows stellar halos similar to those of nearby spiral galaxies such as the Milky Way.
